It is expected from T-duality in string theory that the background geometry of spacetime will be deformed due to the existence of an intrinsic extended structure. This short distance correction to the structure of spacetime can have low energy consequences, if such a deformation occurs at a scale much larger than Planck scale. So, we will analyze the effect of such a short distance correction on scattering processes. We explicitly calculate corrections to the Green function of Lippman-Schwinger equation and to the conserved current, and then use them to analyze short distance corrections to a scattering processes, and to obtain the corrected differential flux for the system under consideration. It may be noted that similar corrections will occur for all scattering process, as these corrections are induced by an intrinsic extended structure in spacetime.
It is expected from T-duality in string theory that the background geometry of spacetime will be deformed due to the existence of an intrinsic extended structure. This short distance correction to the structure of spacetime can have low energy consequences, if such a deformation occurs at a scale much larger than Planck scale. So, we will analyze the effect of such a short distance correction on scattering processes. We explicitly calculate corrections to the Green function of Lippman-Schwinger equation and to the conserved current, and then use them to analyze short distance corrections to a scattering processes, and to obtain the corrected differential flux for the system under consideration. It may be noted that similar corrections will occur for all scattering process, as these corrections are induced by an intrinsic extended structure in spacetime.
It is expected that the background geometry of spacetime in string theory will be deformed by the existence of a minimal measurable length [1, 2] . The reason is that the smallest probe available in string theory is the fundamental string, and so the spacetime cannot be probed below the string length l s = α ′ [3, 4] . Notice that a minimal length of the order of l min = l s g 1/3 s exists (where g s is the string coupling constant), even when non-perturbative effects and point like objects such as D0-brane are taken into account [5, 6] . This is because the total energy of the quantized string depends on the winding number w and the excitation number n. Now under T-duality, as R → l 2 s /R, we have n → w. Thus, it is possible to argue using the T-duality that a description of string theory below and above l s are the same, and so string theory does contain a minimal measurable length scale [5] . It should be noted that an effective path integral of the center of mass of the string for strings propagating in compactified extra dimensions has been constructed, and T-duality has been used to demonstrate that such a system has a minimal length associated with it [7, 8] . It has been also demonstrated that an extended structure in the background geometry of spacetime also exists in the loop quantum gravity [9] . In fact, it can be argued that a minimal measurable length scale, at least of the order of Planck length, would exist in all approaches to quantum gravity. This is because any theory of quantum gravity has to produce consistent black hole physics, and the black hole physics can be used to prove the existence of a minimal measurable length of the order of Planck length. The reason is that the energy needed to probe spacetime below Planck length is less than the energy needed to produce a mini black hole region of spacetime [10, 11] . As production of such a mini black hole would restrict our ability to probe this region of spacetime, so the black hole physics also predicts the existence of a minimal measurable length scale. Now it is possible for the string length scale to be several orders above Planck scale, and be related to the Planck length l P L as l P L = g 1/4 s l s [5] . So, it is possible for the minimal length scale to be larger than the Planck length. In fact, it has been argued that such a minimal measurable length can be much larger than the Planck length, and would only be bounded by the present experimental data [12, 13] . It has been suggested that such a minimal measurable length much larger than Planck scale should have a measurable effects, which can be detected by performing more precise measurement of Landau levels and Lamb shift [14] . Actually, it has been also proposed that such a minimal measurable length will deform quantum systems, and this deformation can be detected experimentally using an opto-mechanical setup [15] . As this deformation can even be detected in precise measurement of low energy systems, it can also be detected in special future scattering experiments. So, it is important to consider the corrections to various scattering processes from such a minimal length. The correction to the transition rate of ultra cold neutrons in gravitational field from such a deformation also has been studied [16] . The correction to quantum field theories and gauge theories (including standard model) from such a deformation also has been studied [17] [18] [19] [20] [21] . Thus, it is important to analyze the effect this deformation will have on scattering processes. So, in this paper, we will analyze the modifications to a scattering process by the existence of such an extended structure in spacetime. It may be noted that as the deformation occurs in the structure of spacetime, so all the scattering processes will be deformed. This deformation occurs by an intrinsic extended structure in spacetime, and the scattering of an extended structures is very different from the scattering of point particles. Now if the extended structure exists at a very small scale, then at large scale this phenomena can be expressed as a scattering of point particles. However, corrections to this phenomena will occur at intermediate scales, and this will the corrections, we will analyze in this paper.
It may be noted it is possible for the deformation to occurs at a scale much larger than Planck scale, and this scale would be bounded by the current experimental data [12] [13] [14] [15] [16] . However, a deformation at such a scale would have measurable consequences for low energy phenomena, and this will hold for accurate measurements made on even non-relativistic quantum mechanical systems [12] [13] [14] [15] [16] . So, we will now study such corrections to a non-relativistic scattering of a scalar particle by a Hermitian spherically symmetric potential U (R). Even though we will consider only a single scattering process, similar corrections will occur for any scattering process, as these corrections are induced by an intrinsic extended structure in spacetime. Thus, the form of these corrections will be a universal feature of scattering processes, and the main results of this paper can be used to obtain short distance corrections to any scattering processes.
To analyze the effect of the deformation on scattering processes, setting = c = 1, we note that for non relativistic scattering of a scalar particle by a Hermitian spherically symmetric potential U (R), the differential cross-section can be uniquely defined by on-shell scattering amplitude f + [22, 23] . These scattering amplitudes f ± are coefficients at outgoing or incoming spherical waves, as the first order terms of asymptotic expansion with the parameter of distance R = |R| → ∞ for R = Rn of the scattering wave function:
The usual differential cross-section is defined by
is the respective usual total (elastic) cross-section. These cross-sections do not depend on R, what has a very crucial description in quantum scattering theory [22, 23] . In order to discuss the full asymptotic expansion of wave functions Ψ ± k (R) (1), which is a solution to Schrödinger equation for the energy E > 0, with k 2 = 2M E/ 2 and V (R) = 2M U (R)/ 2 :
we write the respective Lippman-Schwinger equation with x = ̺v, v 2 = 1:
Here, for |x| = ̺ < R, with operator of angular momentum square L 2 n ≡ L n and Λ n + 1 2 = L n + 1 4 , the Green function acquires the following formal and asymptotic form [25, 26] (the function χ λ (y) is a sort of well known "spherical" Macdonald function [22] [23] [24] , defined in those refs.):
This allows to calculate all power corrections to the wave function Ψ ± k (R) and corrections to differential flux as asymptotic series at R → ∞ [25, 26] for k = kω, q = qn, q ⇒ k:
where ̺ 0 is the effective range of potential V (̺). The important feature of this corrections is that they still exactly disappear in total (elastic) cross-section [25] . It may be noted that the influence of the behavior (5)- (7) at macroscopically short spatial distance R onto event rate seems important for explanation of reactor anomaly in neutrino flavor oscillations [26] [27] [28] .
We will now analyze a short distance correction to such a system due to the existence of a minimal measurable length in spacetime. This will be done by analyzing the effects of a minimal measurable length on the asymptotic expansion of scattering wave function and scattering differential flux. Now the wave function Ψ ± ls (R) being a positive energy (E > 0) solution of Schrödinger equation would satisfy the Lippman-Schwinger equation deformed by the existence of a minimal length in spacetime. The existence of a minimal measurable length scale deforms the usual uncertainty principle from ∆x∆p 1/2 to a generalized uncertainty principle: ∆ x l ∆ p l |(1 + 3β p 2 l )|/2, and ∆ x l ∆ p j |β p l p j | 0 for l = j, where β is a small perturbative dimension parameter of the deformation [4, 29, 30] . This principle implies definite deformation of the Heisenberg algebra to [30] [31] [32] [33] [34] :
where the deformed Heisenberg algebra of deformed operators x l , p j , perturbatively for small β can be related to the usual Heisenberg algebra [x l , p j ] = iδ lj , with usual representation of p = −i∇ x for p l p j δ lj = p 2 , as x j = x j and p = p(1 + βp 2 ) = −i∇ x (1 − β∇ 2 x ) [30] [31] [32] [33] [34] . It may be noted that other deformations of the Heisenberg algebra have been motivated by non-locality [35] , doubly special relativity [36, 37] , deformed dispersion relations in the bosonic string theory [38] , Horava-Lifshitz gravity [39, 40] , discrete spacetime [41] , models based on string field theory [42] , spacetime foam [43] , spin-network [44] , and noncommutative geometry [45] . So, we will deform the coordinate representation of the momentum operator in such a general way, that the free Hamiltonian for x → R is deformed as
where g(−∇ 2 R ) is a general function of the −∇ 2 R , such that g(0) = 0. Strictly speaking it describes only first term of low energy expansion of some more general Hamiltonian 1 . For the deformation (8) of the Heisenberg algebra, produced by a minimal measurable length, we have in (9) a polynomial deformation of lowest possible order g(−∇ 2 R ) ⇒ 2(−∇ 2 R ) N with N = 2. However, as shown below, it will be straightforward generalize the results obtained here to any general polynomial function g(z) of z = −∇ 2 R , containing any powers z n with 2 n N for arbitrary N > 2. The dimension of β thus will be determined by the lowest value of n.
The deformation of the Lippman-Schwinger equation can be obtained from the deformation of stationary Schrödinger equation (3) in coordinate representation of momentum operator as deformation of the above free Hamiltonian:
Thus, the wave function for this system satisfies the Lippman-Schwinger equation (instead of (4)):
It depends on solutions of free problems with the supposed entire (polynomial) function g(z), as:
Since Eq. (13) leads to the equation q 2 + βg(q 2 ) − k 2 F (q) = 1, the above relation reads as
For Φ(q 2 ) = q 2 + βg(q 2 ) − k 2 , with q = qn ′ and d 3 q = q 2 dqdΩ(n ′ ), the Green function is reduced to
, where: Φ(q 2 ) = 0, for q 2 = ℓ 2 s ,
with: Φ ′ (ℓ 2 s ) = 1 + βg ′ (ℓ 2 s ) = 0, and Im ℓ s > 0, or ℓ s → ℓ s + i0, for Im ℓ s = 0.
Here we assume the first-order poles only, because the poles of higher orders lead to inadmissible positive powers of r. As all the contributions to (16) with Im ℓ s > 0 for s > 1 vanish exponentially, so only one zero ℓ 1 = ℓ 1 (k) of Φ(q 2 ) follows the above property (17) admitting this radiation condition. Thus, for x = ̺v, r = |R − x| ≫ 1/Im ℓ s , s > 1, we can substitute to Eq. (11) in asymptotic sense:
that leads to the above usually exploited in (1), (2) or in (6), (7) on-shell scattering amplitude, however containing already the proportional to β deformation corrections:
So, in this situation one can uniquely define the wave function, scattering amplitude and differential flux with simple substitutions of k ⇒ l 1 = ℓ 1 ω, i.e. k ⇒ ℓ 1 = ℓ 1 (k), q = qn, q ⇒ ℓ 1 , everywhere in Eqs. (5), (6), (7) , up to respective redefinitions of amplitude (19) , and incoming flux (is clarified below). We are interested only in physical wave function, which define the physical amplitude and differential flux by:
Indeed, there always exists the perturbative root of Eq. (16) , which for small β → 0 goes to k 2 , while other roots turn to infinity like β −2ǫ , ǫ > 0, giving the essentially singular point at β = 0 for the exponential functions:
, e.g. for the case (8) , g(z) = 2z 2 , with ξ ≡ βk 2 they are:
So, for β > 0, ξ > 0, ∀ k 2 > 0 with the main branches of all square roots, such as [−ℓ 2 s ∓ i0] 1/2 = ∓iℓ s + 0 when ℓ s > 0, we have the above "ideal" situation with ℓ 1 (k) > 0, ℓ 2 (k) = i|ℓ 2 (k)|. For β < 0, ξ < 0, we have ℓ 2 (k) > ℓ 1 (k) > 0 only for 8|ξ| < 1. For 8|ξ| > 1, the both roots ℓ 2 1,2 (k) are complex conjugate with Im ℓ 1,2 > 0 and there are no scattering waves. In general the Green function (16) also is a multivalued function of energy E = k 2 , which admits an extraction of a single-valued branch in the cutted E-plane with the help of cuts for square roots −ℓ 2 s (k) 1/2 for every wave number (21) . The first physical sheet of its Riemann surface is defined by physical cut [22] arising due to square root of perturbative wave number −ℓ 2 1 (k) 1/2 , which goes as usually along E 0 [22, 23] . While all other cuts with s 2 are on the next sheets. For the case (8) N = 2, ǫ = 1/2, the other "kinematical" cut from the point E = −(8β) −1 for small β lies far a way from the origin on the first sheet for β > 0. Besides, it is screened by physical cut for β < 0.
Of course any real branch (17) of spectra of free Hamiltonian (12) may be used for definition of the free asymptotic states in scattering theory. The point is that every s-term in the sum (16) with the root ℓ s of Eq. (16), as a solution to free Eq. (3) (with V = 0) for k → ℓ s , is a solution to homogeneous Eq. (13) for r > 0, but only the full sum gives the solution to non homogeneous Eq. (13) for r 0. In such a general case after substitution of the relations (16), (5) into Eq. (11), the asymptotic expansion of wave function for arbitrary real j-mode ℓ j = ℓ j (k), with 1 j, s N N and R = Rn, can be written for l j = ℓ j ω, q s = q s n, q s = ℓ s as
with the amplitudes:
being now of the "off-shell type if q s = ℓ j , i.e. s = j. Let's firstly neglect for small β a possible nonconservation of the usually defined [22, 23, 25] diagonal current and corresponding differential flux, assuming that:
then the sums (22) in bilinear combination of Ψ + lj (R) in Eq. (24) lead to R-dependent interference terms proportional to e i(ℓs−ℓν )R . However, the usually assumed macroscopic averaging over R over detector volume [22] recasts these rapidly oscillating exponentials as follows: e i(ℓs−ℓν )R = δ sν . Thus, repeating all the steps of [25] , we come to the form of inclusive scattered differential flux similar to diagonal sum of the expressions (7) with k ⇒ ℓ j , q ⇒ q s = ℓ s , which up to three leading orders in (ℓ s R) −1 may be transcribed as
So, any real j-mode scatters into all other real s-modes. For g(z) = 2z N one has 1/ǫ = 2(N − 1). In any case the dimensionless deformation parameter ξ = βk 1/ǫ is very small, |ξ| ≪ 1. At first sight every non perturbative wave number ℓ s , s 2 in sums (22) (of type ℓ 2 (k) (21) for β < 0) leads to extremely rapid oscillations exp{iℓ s R}, ℓ s ∼ |β| −ǫ , that seems as possible to be neglected, returning us to above unique scattering solution (19) , (20) . However, we see that this is not the case, and up to asymptotic behavior of scattering amplitude, the contribution of this wave number in asymptotic expansion (25) is suppressed only by inverse powers of (ℓ s R). Note that for j 2 the Born approximation is relevant for wave functions (22) Ψ + lj (R) ≈ e i(lj ·R) and scattering amplitudes (23) 
, which gives zero contribution to the second term in (25) of order (ℓ s R) −1 .
Here we consider the corrections due to difference of exact conserved current from the usual one (24) . For the general case of field theory with higher (second) derivatives the Lagrangian of complex classical scalar field depends on all its variables as L = L(ψ, ψ * ; ∂ µ ψ, ∂ µ ψ * ; ∂ λ ∂ γ ψ, ∂ λ ∂ γ ψ * ). Following to [46, 47] , with the commutativity assumption for the field variation δψ, as δ(∂ µ ψ) = ∂ µ (δψ), the action variation δI[ψ, ψ * ] = δ ψ I + δ ψ * I for the action I[ψ, ψ * ] = d 4 xL, with ∂ µ = (∂ 0 , ∇), may be expressed as:
The expression equal to zero in square brackets in first line (26) represents the equations of motion. The expression equal to zero divergence in second line (26) defines the respective conserving current. Similarly [48, 49] , the corresponding to Schrödinger Eq. (10) equation of motion for the Schrödinger fields i∂ 0 ψ = ( H 0 + V (x))ψ, for the case (8), g(z) = 2z 2 , N = 2, is produced by the first line of Eq. (26) with the following non relativistic Lagrangian, for the chosen units, with j, s = 1, 2, 3:
So, for the global gauge transformation: δψ = iψδα, δψ * = −iψ * δα, ∂ µ δα = 0, the second line of Eq. (26) defines the gauge current J µ = (J 0 , J) with J 0 [ψ] = ψ * ψ,
which is exactly conserved on Schrödinger Eq. (10) for stationary solutions ψ = Ψ ± ls (R) as (∇ · J l j l s ) = 0. It is easy to see that the full 3-divergence of third term in Eq. (29) gives no contribution into the incoming flux: J[e i(lj ·R) ] = l j (1 + 4βℓ 2 j ). Moreover, this third term gives no contribution into the radial scattered flux (25) , defined by l.h.s. of Eq. (24), at least up to the order of (ℓ s R) −4 . The reasons are that n · J[e iqsR /R] = q s (1 + 4βq 2 s ) and that every summand of the sum over s in the first asymptotic relation (22) , also as the every s-term in the sum (16) above, also satisfies [25] the free equation (3) as (∇ 2 R + q 2 s )ψ qs (R) = 0. Eventually, for the case (8), (9) with g(z) = 2z 2 , N = 2, till the order of (ℓ s R) −4 , these corrections renormalize only the first multiplier of differential flux (25) as following:
is the respective velocity. This result looks as quite general and conforms with the physical meaning of cross-section, differential flux and currents. Thus we can use in expansion (25) two additional orders, taking them from general formula (7), (5) .
In this paper, we have analyzed the short distance corrections to scattering processes. This corrections occur due to the existence of a minimal measurable length scale in spacetime. The existence of a minimal measurable length scale deforms the Heisenberg algebra, which in its turn deforms the coordinate representation of the momentum operator. The deformation of the momentum operator produces the higher derivative corrections of free Hamiltonian and of description of different physical processes, and this in turn modifies the Lippman-Schwinger equation. The modification of the Lippman-Schwinger equation also modifies the description of scattering processes. We explicitly calculate corresponding corrections to the Green function and to conserved current for this system. This is used to obtain the several main corrections to the scattering differential flux by the existence of a minimal measurable length scale in spacetime, which is meaningful to search also in scattering experiments with short macroscopic base R. It may be noted that the results obtained in this paper are quite general and can be applied to most scattering processes. Thus, they would act as universal corrections to all scattering processes due to an extended structure in spacetime, as predicted by T-duality in string theory. Such corrections would be observed at intermediate scale. It will be interesting to use these results to analyze specific scattering processes, and obtain new bounds for the existence of a minimal measurable length scale in spacetime.
